Introduction
In previous work examining immunogold-labelled particles of beet necrotic yellow vein virus (BNYVV) in the electron microscope, we have shown that monoclonal antibodies (MAbs) are bound either along the entire length or on one or the other extremity of the virions (Lesemann et al., 1990) . By using a larger panel of MAbs, additional serological tests and Escherichia coli-expressed fusion proteins containing either amino acids (aa) 1 to 103 or 104 to 188 of BNYVV coat protein, we can now distinguish five (groups of) epitopes which have also been characterized in terms of their in situ sensitivity to trypsin and to degradation with SDS (Table 1, Fig. 1 and 2). MAbs MAFF 6, 7, 8, 9 and 10 were produced by Torrance et al. (1988) and L. Torrance & G. Buxton (unpublished) , MAbs 3H12, 4F11, 6D8 and 17G2 by Boonekamp et al. (1988) , MAbs 41 and 47 by Grassi et al. (1988) and MAbs 8B6, 15, 379 and 400 by M. Alric & J. Kallerhoff (unpublished) . The immunogold technique (Lesemann et al., 1990) , dot blot tests and Western blotting (Burgermeister & Koenig, 1984) were done as described previously. For ELISA, virus preparations were diluted in coating buffer (Clark & Adams, 1977) and adsorbed directly to the plates. Binding of MAbs was detected by means of alkaline phosphatase-labelled goat anti-rat (MAFF MAbs) or goat anti-mouse (all other MAbs) antibodies. Purified virus preparations (approx 2 mg/ml) were treated with 0.2% trypsin in 200 mM-Tris HC1 pH 6-8 for 150 min at 37 °C or with 2% SDS, 5% 2-mercaptoethanol, 10% glycerol, 0.001% bromophenol blue, 0.125 M-Tris HCI pH 8-8 (Laemmli & Favre, 1973) for 3 rnin at 100°C. Fusion proteins containing either aa 1 to 103 or 104 to 188 of the BNYVV coat protein at the C terminus of a truncated cro-lacl lacZ sequence were obtained by cloning the corresponding cDNA sequences of the viral coat protein gene into the truncated derivative of the pEX3 vector described by Kocken et al. (1988) . The fusion proteins were expressed in, and purified from, E. coli strain POP 2136 following essentially the procedure of Kocken et al. (1988) . The pellets obtained after washing the inclusion bodies in 2M-urea, 1 mM-EDTA, 100mM-NaC1, 50 mM-Tris HCI pH 8.0, were resuspended in 9 volumes of 6 M-urea, 0-5~ (v/v) Triton X-100, 10mM-EDTA, 100mM-NaCI, 50mM-Tris-HC1 pH8.0 and centrifuged at 12000g for 20min at 4°C. Western blotting revealed that the fusion proteins containing aa 1 to 103 and aa 104 to 188 of BNYVV coat protein were present in the pellets and supernatants, respectively. Lesemann et al. (1990) have shown that MAbs MAFF 8, 9 and 10 and MAb 6D8 bind to epitopes on the opposite extremities of the BNYVV particle. These are designated in Table 1 as epitopes 1 and 2, respectively. We have now found that MAbs 41 and 47 also bind to only one extremity of the virus particle. The epitopes for which MAbs 41, 47 and 6D8 are specific are apparently located on the same extremity because the gold labelling was detected only at one extremity in tests on mixtures of these MAbs. With mixtures of MAb 41 and MAb MAFF 8, 9 or 10, however, many particles were found for which the gold label was present at both extremities, indicating that the corresponding epitopes are located at the opposite extremities of the particles. As described in a previous study (Lesemann et al., 1990) , many particles were not labelled at all with these MAbs. This suggests that subtle changes in the protein structure may destroy these epitopes or alter their accessibility to MAbs. The epitope(s) for which MAbs 41 and 47 are specific (designated as epitope 3 in Table 1 ) differed in several properties from epitopes 1 and 2. ELISA and dot blot tests revealed that the latter epitopes were destroyed when particles were exposed to trypsin but epitope 3 was and 4, epitope 4 in lanes 5 to 9 and epitope 5 in lanes 10 to 13.1, 5, 6, 11, 12 and 13 were present in tissue culture supernatants and were used at dilutions of 1 : 5, 1 : 5, 1 : 5, 1 : 25, 1 : 25 and 1 : 25, respectively. MAbs for 2, 3, 4, 7, 8, 9 and 10 were present in ascites fluid and were used at dilutions of 1:500, 1:500, 1:500, 1:50000, 1:30000, 1:10000 and 1 : 500, respectively. not. Epitopes 1 and 2 were also destroyed when the particles were boiled in SDS-containing buffer (Laemmli buffer) (Table 1) . Therefore, epitopes 1 and 2 are apparently discontinuous and depend on the native folding of the protein chain for their recognition by MAbs. Epitope 3, however, is apparently continuous because it withstood boiling in SDS-containing buffer. In the Western blotting technique, it was readily detected on the fusion protein containing aa 1 to 103 of BNYVV coat protein (Fig. 1) . It is understandable that epitopes 1 and 2 were not detected on the fusion proteins ( Fig. 1 because they were susceptible to denaturation with SDS (Table 1) . MAbs MAFF 6 and 7, 3H12 and 4F11 have previously been found to decorate BNYVV particles along their entire length (Lesemann et al., 1990) and MAb 8B6 showed the same behaviour (Table 1 ). The epitope(s) for which all these MAbs are specific (designated as epitope 4 in Table 1 ) is apparently continuous because it was not destroyed when the particles were boiled in SDS-containing buffer. By means of Western blotting it could be readily identified on the fusion protein containing aa 104 to 188 of BNYVV coat protein (Fig. 1, Table 1 ). In ELISA, dot blot and immunoelectron microscopical decoration tests, virus particles treated with trypsin lost their reactivity with MAbs specific for epitope 4 although they retained their reactivity with polyclonal antisera. Trypsin treatment did not lead to a disintegration of the particles as the number of particles seen by means of electron microscopy was about the same in treated and untreated preparations. In Western blots, trypsin-treated virus preparations yielded two coat protein bands which were about 0.5K and 1-3K smaller than the coat protein of untreated BNYVV. These proteins failed to react with MAbs specific for epitope 4 although they retained their reactivity with polyclonal antiserum and MAb 41, which is specific for epitope 3 (Fig. 2) . The fact that the larger degradation product is only slightly smaller than the undegraded protein suggests that epitope 4 is located on aa 182 to 188 because there is a trypsin cleavage site at the carboxyl side of the arginine at position 182 (Bouzoubaa et al., 1986) . The in situ accessibility of the cleavage site suggests that the C terminus of the protein chain is exposed in BNYVV particles. The smaller degradation product of the coat protein may result from trypsin cleavage either at the carboxyl side of arginine at position 6 or lysine at position 173 (Bouzoubaa et al., 1986) . Some of our untreated virus preparations also contained one or two slightly smaller proteins which failed to react with MAbs specific for epitope 4 but did react with polyclonal antisera and MAbs specific for epitope 3. This suggests that partial proteolysis of the coat protein in BNYVV particles may also be mediated by enzymes in plant sap. Lesemann et al. (1990) found that MAb 17G2 also decorated the particles along their entire length but that the labelling appeared weaker and more irregular than with the MAbs which are specific for epitope 4. A similar type of decoration was seen with MAbs 15, 379 and 400 (Fig. 3b) . The epitope(s) for which these MAbs are specific (designated epitope 5 in Table 1 ) is apparently discontinuous because it was destroyed when the particles were boiled in SDS-containing buffer and could not be detected by means of Western blotting on the fusion proteins containing either the N-or the C-terminal half of BNYVV coat protein (Fig. 1) . As with epitopes 1 and 2, subtle changes in the protein structure might either destroy epitope 5 or alter its accessibility to MAbs. This would explain the uneven decoration of the particles with the MAbs specific for this epitope. Epitope 5 is probably not quite as easily accessible as epitope 4 at the exposed C terminus. Therefore, MAbs to epitope 5 are possibly reacting with the particles by using only one antigen-binding site, whereas MAbs to epitope 4 may be able to use both antigen-binding sites. This could explain the denser coating seen with MAbs specific for epitope 4 as compared with the light coating seen with MAbs specific for epitope 5 (Fig. 3, Table 1 ).
Methods

Results and Discussion
Our results suggest that the quaternary structure of BNYVV may resemble that of other elongated plant viruses, such as tobacco mosaic virus (TMV) (Bloomer et al., 1978) , potato virus X (PVX) (Koenig et al., 1978; Sawyer et al., 1987) and potyviruses (Allison et al., t985; Shukla et al., 1988) , in that the C terminus of the coat protein is exposed. The C terminus of the BNYVV coat protein apparently carries the continuous epitope 4 which seems to be strongly immunogenic. MAbs to it were selected by three of the four laboratories that have produced the MAbs used in this study. With TMV, PVX and potyviruses, the N terminus is also exposed. In the case of PVX (Koenig & Torrance, 1986; S6ber et al., 1988) and potyviruses (Allison et al., 1985; Shukla et al., 1988) it is strongly immunogenic. With the MAbs used in this study we have not been able to obtain evidence that the coat protein subunits in BNYVV also have an exposed and immunogenic N terminus. However, it is possible that the discontinuous epitope 5, which is sensitive in situ to trypsin digestion, involves the N terminus. Epitope 3 was clearly located on the N-terminal part of the viral coat protein. Its in situ resistance to trypsin digestion and the fact that it is accessible to MAbs only at one extremity of the virus particles suggests that it does not occur on an exposed N terminus but rather inside the N-terminal half of the coat protein sequence. This has now been proven with fusion proteins containing shorter parts of the aa sequence of BNYVV coat protein (U. Commandeur, R. Koenig et al., unpublished results) .
The susceptibility of epitope 4 to trypsin and proteolyric enzymes in plant sap may be the reason for the observed failure of MAbs MAFF 6 and 7 to detect BNYVV in low concentrations in extracts from sugar beet (Torrance et al., 1988) . In this systemically invaded host the virus particles can be in contact with plant proteases over especially long periods of time.
